The European eel Anguilla anguilla L. is found in most European waters. This widespread species is usually exploited by small-scale companies fishing in localized areas. This implies a contrast of scales. This study analysed data on recruitment, stock, and fisheries to determine how they vary geographically. Coherence between 17 data series on glass eel recruitment is analysed by multivariate techniques. It is shown that the majority of these series exhibit a mutually correlated downward trend since 1980; two of the three stations in Ireland, one in the UK and one in Scandinavia show aberrant trends. The geographical distribution of the continental stock is exemplified by a variogram of the length of eel in the Netherlands. It is found that at a distance of only 10 km a large variance component is found, that can not be explained by mere distance. Apparently, the continental stock is fragmented by the fragmentation of the inland waters themselves. The geographical distribution of the continental fisheries is exemplified in an analysis of the dispersion of Dutch fishing licence holders over the country. It is shown that the licence holders are highly over-dispersed, except for the companies fishing on lake IJsselmeer. It is concluded that the distribution pattern of the European eel is characterized by great uniformity in the recruitment stage over the majority of the continent. In the growing stages, the stock (and fisheries) exist in extremely small, fragmented units. It is argued that this dual distribution characteristic necessitates large-scale, continent-wide management, while assessment of the fragmented continental stock and centralized management of the scattered fisheries is not practicable.
Introduction
The European eel Anguilla anguilla L. is found and exploited in most of Europe and in large parts of Africa, in over 90 000 km 2 of continental waters (Moriarty and Dekker, 1997) . The type of fishery shows very large regional variation, ranging from hand-held dip net fisheries for (expensive) glass eel in the countries around the Bay of Biscay, to concrete weirs spanning entire rivers, used to take large amounts of silver eel in more northern countries (Moriarty, 1997) . The annual yield in Europe is at least 20 000 tonnes; more than 25 000 people acquire a substantial income from the eel fisheries (Moriarty and Dekker, 1997) . The eel is therefore one of the most widely exploited stocks.
The European eel is a catadromous species, with an incompletely known life cycle. Reproduction takes place somewhere in the Atlantic Ocean. Larvae (Leptocephali) of the latest stage are found on the edge of the continental shelf, where they transform into young, transparent eel, so-called glass eels. At this stage, the young animal proceeds into continental waters, often deep into the fresh water systems. Following the immigration to continental waters, a prolonged life stage begins, lasting for about 5-50 yr. During this stage, almost all growth takes place, but no maturation. At the end of this period, the maturation starts and the eel returns to the ocean. The non-migratory continental stage is called the yellow eel stage, while the migratory, maturing eel is known as silver eel. Figure 1 shows the traditional representation of the life cycle and presents the names of the life stages.
Throughout the 1980s and 1990s, an intense and prolonged decline in recruitment of glass eel to the continental stock was observed in many parts of Europe (Moriarty, 1990 (Moriarty, , 1991 , exacerbating an existing decline of eel fisheries. By 1993, this decline in recruitment had lasted for more than an average eel's lifespan and scientists studying eels became alarmed (Anonymous, 1993) . The need for international management was identified (Moriarty and Dekker, 1997; ICES, 1997 ICES, , 1999 ), but has not yet resulted in management actions. This decline in recruitment has now lasted for more than 15 years, without an adequate response from fisheries managers.
Typical eel fisheries consist of small boats making small catches (on average 1 t man 1 yr 1 ) in rather small water bodies (Moriarty, 1997) . Management of the eel fisheries has traditionally operated on this small, local scale. It has taken considerable time to realize that the local declines in recruitment observed in many places in Europe were pan-European, and that the stock cannot be conserved by traditional local management.
Thus the European eel stock is characterized on the one hand by a large overall area of distribution and large-scale, long-lasting fluctuations, and on the other hand by the partitioning of the stock between smallscale scattered waterbodies, which support small-scale fisheries under local management. It is this contrast of scale that will be explored here.
Monographs on the European eel have been published throughout the 20th century (Walter, 1910; Bertin, 1942 Bertin, , 1956 Sinha and Jones, 1975; Deelder, 1984; Tesch, 1977 Tesch, , 1983 . All these studies pre-date the present decline in recruitment. These monographs addressed in depth the biology of the eel but remained largely descriptive. With respect to population size and structure of the whole stock, the monographs were based only on extrapolations from particular local stocks. Fragmentary details of local stocks and fisheries throughout Europe were listed, without a major attempt to synthesize or unify.
In an early attempt to address the current decline in recruitment, ICES (1988) compiled a table of total annual catches (of which only half were covered by the official statistics). Moriarty and Dekker (1997) basically repeated the exercise, but included many additional details. The authors of this report were apparently aware of the small size of individual eel fisheries in Europe (causing difficulties in compiling an overview of the stock), but addressed analytically neither the potential coherence between individual fisheries on the continent, nor the assumed uniformity in the recruitment trends between stations. Most data required to make these analyses were indeed made available in Moriarty and Dekker (1997) and are analysed here. However, most of the ideas presented here originate from discussions during the preparation of that report.
In this exploration of problems of scale, the geographical uniformity of trends over the past decades are addressed by analysing recruitment data for 17 stations over the European continent, and the scattered nature of both the eel stock and the fisheries explored by a geo-statistical analysis of Dutch data. In the discussion, the emerging problems for research and management are contrasted with those in other fish stocks to highlight the unique situation presented by eel fisheries.
Materials and methods

Recruitment
In order to explore the geographical pattern in the recruitment data, three analyses are presented.
(1) Cluster analysis. Do the observed stations separate into disjunct groups? (2) Multidimensional scaling. Do gradual trends in recruitment data occur from area to area? (3) Factor analysis. To what extent are the recruitment series at the stations determined by a common background?
Material Time-series data on glass eel immigration were taken from the literature (Moriarty, 1986 (Moriarty, , 1990 Desaunay and Guerault, 1997) . The geographical coverage ranged from Norway (59 N, 6 E) and Sweden (58 N, 16 E) to Portugal (42 N, 9 W) and Italy (42 N, 12 E) and the time-span ranged from 12 to over 65 yr. All data series have been extended up to 1997 (1998) by personal communication with responsible authors or agencies. Some of the series do not pertain to glass eel sensu strictu, but to young eel in different stages of pigmentation. This certainly applies to Motala stream data, although Moriarty (1990) commercial fisheries, not the absolute magnitude of recruitment. However, although effort may have varied over the years, it is most likely that variation in total catch volume reflects variation in the amount of glass eel immigrating. At other stations, fishing effort was controlled (research sampling at DenOever) or at least not directly influenced by catch volumes (non-profit fisheries at Ems and Yser).
In Figure 2 , all data series have been scaled to 100% over the years 1979 through to 1994 for comparisons between stations. The geographical positions can be read from Figure 3 .
Methods
All available data series originate from local, uncoordinated studies. Consequently, many sampling characteristics vary between stations, and the time periods do not completely coincide. The entire data set is therefore highly unbalanced. In the following, three different approaches will be used.
Selected years. Data were selected for 1979-1994, i.e. those years during which most stations were reporting.
Selected stations. Data were selected for the stations Motala, Ems, DenOever, Yser, Loire, Bann, Erne and Nalon, i.e. those stations that reported data for more than three consecutive decades.
Pairwise correlations. The unbalanced data set was used to calculate correlations between each pair of recruitment series for the period of overlap. The resulting matrix was subsequently used in multivariate analyses, despite the unequal cell frequencies. To normalize the data sets and to allow for the assumed multiplicative nature of the variation between stations and between years, all primary data were logtransformed prior to the calculation of the correlations. Since none of the entries equated to zero, there was no need to add a positive constant to each observation before taking the logarithm. Because of the sparsity of the data sets, no prior or posterior check on the adequacy of the transformation was undertaken. Data handling, statistical analyses and graphical presentations were implemented in SAS (SAS Institute Inc., 1989 , 1992 .
Cluster analysis. The correlation matrices based on selected years and on pairwise correlations were used for a cluster analysis (Mardia et al., 1979) , analysing the potential existence of a disjunct geographical ordering of the sampling. Distances to a cluster of stations were calculated as the average of the distances to the individual stations in the cluster (averaging method). The results of these analyses were plotted in a dendrogram (Fig. 4) . The ordering of the stations is only partially determined by the order in which forks are formed during the analysis. The dendrograms could be re-ordered (complete inversion of clusters hinging on their stem) to ensure that the order of the stations in the two analyses are as identical as possible. Only one station could not be matched. In Figure 4 , this topological inconvenience happens to apply to the Yser, but alternative solutions may be found, in which one of the other stations is left unmatched.
Multi-dimensional scaling. The correlation matrices based on selected years and on pairwise correlations were used in a multi-dimensional scaling analysis MDS (Mardia et al., 1979) , analysing the potential existence of gradual trends in the recruitment data from area to area of the continent. Following Mardia et al. (1979) , two dimensions were analysed. The co-ordinates of all stations on these two dimensions were subsequently translated, scaled, rotated and flipped to order the stations so that they most closely match the true positions of the stations on the map. The resulting positions were superimposed on a true map (Fig. 3) . The transformations minimized the (summed) distances between the positions found in the MDS-analysis and the true positions on the map. These distances are represented on the map by arrows.
Factor analysis. All three correlation matrices of the recruitment data were analysed in principal factor analysis (Mardia et al., 1979) . In preliminary runs using maximum likelihood factor analysis, either only a single factor contributed significantly, or, if more factors could be included, the estimated communality of the first factor was greater than 1 (so-called Heywood cases, Mardia et al., 1979) . Apparently, the information contained in the recruitment data does not allow for the estimation of more than one single factor. The unbalanced nature of the data set undoubtedly contributes to this shortage of information content. Below, only results based on a single factor will be presented.
Continental stock
Data on the continental life stages of the eel are frequently reported in the literature, but these studies rarely report on more than a small geographical area. Metastudies (Fontenelle, 1991; Vøllestad, 1990) , cover major parts of the continental distribution area, but contain no information on small geographical scales. In the current analysis, the prime interest is in detecting the inherent geographical scales of the continental population. A meta-analysis would exclude part of the potential range of significant geographical scales a priori. Wide-ranging basic data on the continental population are not yet internationally available and this analysis of scales was therefore restricted to the Netherlands. The selected data set allows for comparison of samples of no more than 250 km apart. The geographical pattern of the stock in continental waters will be characterized by a basic geo-statistical diagnostic tool: the variogram, applied here to the (sample mean) length of eel in Dutch fyke nets.
The largest consistent cluster (1062 samples) of data in the Dutch data set, covering a whole range of geographical scales, concerns the sampling of commercial fyke net catches. Although the types of fyke net used vary over the country, the legislation is uniform, with a minimum legal size for the eel of 28 cm and a minimum mesh size of 18 mm.
In analysing the Dutch inland eel fisheries, a distinction must be made between lake IJsselmeer and the rest of the country. Lake IJsselmeer (52 40 N, 5 25 E, currently 1820 km 2 , average width 20 km) is a former estuary of the river Rhine, shut off from the Waddensea in 1932. This lake constitutes 50% of the fresh water area in the Netherlands. An extensive description of the lake and its fisheries is given in van Densen et al. (1988) . The commercial fisheries comprise nearly 100 vessels and are under governmental management. In conjunction, there are programmes to monitor fish stocks and fisheries (Dekker, 1996) . Data from these monitoring programmes dominate the total data set on fyke net catches (56%). The large absolute size of the lake, as well as the low fractal dimension of its coastline (D=1.25), qualifies this single water body as atypical of the Dutch inland fisheries. Therefore, data on lake IJsselmeer were analysed separately. The other waters where commercial eel fisheries are carried out include a wide variety of canals, rivers and lakes, which are generally interconnected in a complex network. For each sample of commercial fyke net catches, the arithmetic mean total length was calculated. Mean lengths were grouped by decade and variograms compiled, plotting the absolute value of the difference in mean length as a function of the distance between each pair of samples (within one decade). Following Cressie (1993) , the individual pairs of samples are plotted, rather than a fitted variogram. No attempt was made to fit a parametric curve through the data cloud.
Fisheries
Government regulation of fisheries in Europe differ greatly between countries (Moriarty and Dekker, 1997), varying from strict control using licences, gear controls and season/area limitations (glass eel fisheries in southern countries, yellow eel fisheries in northern countries) to no governmental control (yellow eel fisheries in southern countries). Consequently, there is no consistent basis for a continent-wide assessment of the geographical pattern in fisheries. The approach taken here will parallel the analysis of the stock structure above. The analysis will be based on a national data set, which restricts the depth of the analysis, but has the advantage of being consistent.
The geographical pattern of the fisheries will be characterized by the distribution pattern of the home addresses of fishing licence holders in the Netherlands. In particular, the degree of over-dispersion will be analysed, by a simple Poisson-model of the number of licences per local region, to show the degree to which the distribution reflects a random choice of home address, or is influenced by concentrating or dispersing factors.
In the Netherlands, anyone fishing commercially for fresh water fish must acquire a special licence for selling freshwater fish issued by the Fish Board (Productschap Vis). The Board keeps a list of addresses of licence holders, and was kind enough to provide a list of zip codes for the year 1995. On the basis of the zip codes, the home address of each licence holder could be recovered up to a spatial resolution of approximately 1 km; the total number of zip code areas in the Netherlands is 30 000.
Thus, the geographical distribution of the fisheries (Fig. 5) could be summarized as a frequency distribution of the number of licences per zip code, the statistical properties of which were analysed by a Poisson-type model, assuming that the frequency distribution can be characterized by the mean and dispersion parameter only. Data for lake IJsselmeer (see above) and the rest of the country were again analysed separately. The mean was estimated by maximum likelihood and the dispersion parameter by the deviance divided by the degrees of freedom. In addition, the number of zip codes with no licence at all was estimated in an iterative procedure, in which the assumed number of zip codes with no licence (input) was matched to the predicted number (output). This procedure conforms to the EM-algorithm given by Dempster et al. (1977) .
Results
Recruitment
Cluster analysis In the cluster analyses based on selected years and on pairwise correlations, clusters are formed at all distance levels (Fig. 4) . These levels are almost uniformly distributed between the minimum and maximum distance. Only three (pairwise correlations) or four (selected years) of the forks do not join a leaf to a cluster, but amalgamate two clusters. This is indicative of data sets that do not contain disjunct clusters at all. In fact, long chains were found in which individual stations are subsequently added to a cluster. The patterns of cluster forming in the two analyses do not correspond, in most cases. Shannon is found to be more related to {Ems, Loire, DenOever} than to Minho and Viskan in pairwise correlations, but in selected years, the opposite holds. The clusters that occur in both analyses sometimes do ({Ems, DenOever, Loire}, {Bann, Severn}), but sometimes do not ({Imsa, Tiber}), form meaningful combinations. In particular, the linkage of Imsa (the most northern station) with Tiber (the most southern station), without any of the intermediately positioned stations, must be considered spurious. The set of most aberrant stations {Bann, Severn, Erne, Motala}, however, does correspond in both analyses.
Sampling effort at three stations (DenOever, Ems and Yser) was independent of the quantity of glass eel caught. These stations do cluster together at low distance in selected years, but in pairwise correlations, Yser is only linked at very long distance. In both analyses, the cluster containing these non-commercial stations also contains the Loire, one of the stations based on commercial catch data.
Multi-dimensional scaling
The results of the multi-dimensional scaling analyses are presented in Figure 3 , plotted over the true map. Unfortunately, neither map is as self-explanatory as the textbook results presented in Mardia et al. (1979) . The relationships between stations as inferred from the recruitment data do not conform to the geographical positions of the stations. In both cases, most stations are arranged in a chaotic area in the centre of the map. The positions within this area do not show any consistent ordering between the analysis based on selected years and on pairwise correlations. Stations that are in reality distant from the rest (Tiber, Minho, Viskan, Shannon) are projected into this area, while nearby stations (Erne, Bann) are projected to more distant positions. The set of stations further outside these areas (Bann, Severn, Erne, Motala) is, however, identical to the set of aberrant stations in the cluster analyses (Fig. 4) .
Factor analysis
Estimated communalities (Fig. 6 ) range from only 1.9% for the Motala, to 91% for the Loire, both using pairwise correlations. Average communalities for the three correlation matrices were estimated to be 55% (selected stations), 46% (pairwise correlations) and 56% (selected years). This means that, averaged over the stations, about half of the year-to-year variation in recruitment can be explained by a single factor common to all stations. Marked differences in communalities among the analyses occurred at the following stations.
Minho: recruitment figures showed an upward trend in the years prior to the reference years 1979-1994; this trend was not common to all stations and resulted in a marked difference between the analyses based on pairwise correlations and on selected years. Nalon: recruitment figures showed aberrant high catches in 1970 and 1978. The analysis based on selected years excluded these outliers, and therefore estimates a much higher communality. High communalities in all analyses are estimated for Nalon, Gironde, Vilaine, Loire, Shannon, Yser, DenOever and Ems. This selection of stations matched the results of the cluster analysis and the multi-dimensional scaling analysis.
Low communalities occur at Severn, Erne, Bann, Motala and Imsa. This again conforms to the preceding analyses for the first four of these stations.
The analyses based on selected years and selected stations yield, as a side effect, an estimate of the factor scores over the years (Fig. 7) . The results of the two analyses match rather well. Differences on a linear scale range from 2% (in 1992) to 43% (in 1991), averaging only 19%. The general pattern is a row of high scores in the years prior to 1980, with a slight tendency to increase during the late 1970s. Over the 1980s through to the early 1990s, a steep decline occurred, reaching record low levels. During the 1990s however, the scores level off.
Continental stock
The variogram of eel lengths in lake IJsselmeer (Fig. 8a) shows a stable pattern. Differences in length amount to a few centimetres, with a maximum of nearly 10 cm, irrespective of the distance between samples. Outside lake IJsselmeer, a completely different variogram is found (Fig. 8b) . For distances between 1 and 10 km, differences in mean length are in the same order of magnitude as for lake IJsselmeer, but above 10 km, the length differences frequently increase to 10-30 cm, with the largest differences occurring at distances over 25 km, levelling off thereafter.
Fisheries
The distribution of fishing licence holders in lake IJsselmeer (Table 1, Fig. 9a ) differs completely from the distribution elsewhere in the Netherlands (Fig. 9b) . In the lake IJsselmeer fisheries, the distribution is highly clustered. Elsewhere, the number of zip codes without licence holders tends to infinity (that is, more than the true number of zip codes, which is 30 000), while the distribution is highly scattered. The mean number of licence holders per zip code is much lower, but its value has a strong, negative correlation with the estimated number of zip code areas without licence holders.
Discussion
The life cycle of the eel is often portrayed as a series of Platonic abstractions, as in Figure 1 . Although this diagram orders the life stages and illustrates the amphidromous character of the life cycle, it also suggests a false symmetry between the oceanic and continental stages, which does not occur in the geographical distribution characteristics. This misfit obscures the assessment of the current decline in recruitment and fisheries and clouds the potential for rational management of the stock in the future.
Coherence in recruitment trends between areas
The stock identity of the European eel is not known. On the basis of vertebrae counts, Schmidt (1906) speculated that the whole European population belongs to a single unit stock. Consequently he assumed there to be only one, panmictic breeding stock. Tucker (1959) even claimed the difference between the European eel (Anguilla anguilla) and the American eel (Anguilla rostrata) was not evident during his lifetime. Whatever the true unit stock identity, it has been shown here that the downward trend in recruitment since the early 1980s is shared by the majority of monitoring stations on the European continent. Neither disjunct groups of stations (cluster analysis) nor gradual trends from area to area (multi dimensional scaling) could be detected. The degree of communality over such a large geographical area (Minho to Motala >3000 km) is remarkably high (around 50%, factor analysis). Evidently, the recruitment to the continent is primarily a monistic, large-scale, slowly developing process, with a common and steep decline since the end of the 1970s. Castonguay et al. (1994) pointed out that common trends in recruitment may or may not indicate the whole continental population (or in their argument: the populations of A. anguilla and A. rostrata) is under the dominant influence of a single biological process. Parallel developments in continental waters (such as synchronized pollution events, migration obstructions or area reductions) might induce parallel trends in recruitment, falsely suggesting a common and shared causative mechanism.
Reversing this argument, the aberrant recruitment pattern found at a few stations in Europe (Motala, Erne, Severn, Bann and possibly Imsa) could point towards an independent recruitment process at these stations. However, it might also be the result of local processes, perturbing the otherwise shared recruitment trend. Local climatic and hydrological circumstances, for instance, have been shown to have a substantial effect on monitoring results (e.g. Gandolfi et al., 1984; Dekker, 1986 Dekker, , 1998 Desaunay et al., 1987) , although this has not been analysed for all stations alike. Whatever the true causality of the recruitment trend, the decline observed at the majority of the stations during the last two decades poses a serious management problem common to the entire European population. Indeed the archetypical oceanic phases (Fig. 1) currently represent a single and common problem. The stock in Europe, however, as well as the human impact on the stock (fisheries and habitat deteriorations) is of a completely different nature.
Fragmentation of stock and fisheries over the continental distribution area Although the stock and fisheries are found over an extremely large geographical area (>3000 km across), a common and shared stock does not appear to exist. Differences in mean length observed in lake IJsselmeer were found to be remarkably stable up to distances between sampling locations of 10 km and more, implying homogeneity of the local stock. No corresponding consistency could be found in the variogram of the other, more typically fragmented, inland waters. Apparently, differences in stock composition between nearby waterbodies dominate the variogram here. Whether these differences relate predominantly to the local habitat or to the exploitation pattern in the individual waterbodies remains an open question, although both factors probably contribute to the variation observed.
The distribution of the fisheries matched the distribution of the stock. In lake IJsselmeer fisheries, all licence holders exploit a common stock and use the same infrastructure of auctions and wharves. In this case, licence holders aggregate around the common facilities in rather large clusters, located in a few typical fishing villages. Elsewhere, most licence holders fish in privately exploited waters. Although common facilities are available in only a few places in the country, the licence holders are dispersed over the area. Individual fishermen live near to where they fish, taking the distance from their home address to the common facilities for granted. In this case, no typical fishing villages can be identified.
It was shown that in the Dutch context, the size of individual geographical units of the stock is in the order of 10 km across. This is equivalent to 79 km 2 in area, of which ca. 10% is water surface (7.9 km 2 ). Assuming this unit surface also applies to the rest of the continental stock, the 90 000 km 2 of continental waters (Moriarty and Dekker, 1997 ) is made of more than 10 000 individual geographical units. Clearly, the fragmentation of the continental waters cannot be fully neglected in the development of a monitoring and management strategy for the whole stock, but so far, only centralized and uniform actions have been proposed (Moriarty and Dekker, 1997; ICES, 1999) .
Life cycle vs. fractal tree
It is concluded that portraying the population as a series of archetypical life stages fits the oceanic phases well, but is an abstraction in the life history of the continent, which does not recognize the characteristically fragmented geographical distribution pattern of the continental stock. Mandelbrot (1977) created and explored an inspiring geometry of objects, ''fractals'', that exhibit a meaningful pattern at whatever scale of measurement. The geographical distribution of the eel was shown here to contain both monistic large-scale aspects in its oceanic phases, as well as extreme fragmentation in the continental phases. This corresponds well to a simple fractal derived by Mandelbrot (1977) , as depicted in Figure 10 . Because of the parallel between this fractal and the geometry of the eel stock, the title of Mandelbrot's book has been paraphrased in the title of this article.
Implications for monitoring and research
Around 1970, interest in management of the European eel stock increased, resulting in a Symposium (Thurow, 1976) , where the conclusion was drawn that ''an assessment of the state of exploitation and of the effect of elver stocking was urgently needed''. The subsequent ICES/EIFAC Working Group on the Assessment of the European Eel Stock identified a large gap in eel fisheries statistics, due to the total absence of data from many areas (ICES, 1976) . The fundamental weakness in stock assessment was the lack of reliable basic data to work with (ICES, 1980) , although the main objective remained to assess the European eel stock, witness the name of the Working Group. Moriarty (1997) listed catch data for countries and/or regions. Although this made a great contribution to our appreciation of the continental stock, it must be noted that this table combined true data (exact figures), estimated orders of magnitude (rounded figures) and pure guesses (boldly rounded figures).
Lough Neagh (N. Ireland) and lake IJsselmeer (the Netherlands) are the only single waterbodies with a catch exceeding 100 t (Moriarty, 1997) . Data on effort and yield are readily available for these fisheries, and monitoring of the local stocks and fisheries can be achieved at relatively low costs. But these larger eel fisheries comprise only 5% of the total continental fisheries. The remaining 95% are made up of small and very small units, which cannot be monitored or managed cost effectively by virtue of their extremely small size. Monitoring representative samples of stocks and fisheries is likely to produce highly divergent results, even at small geographical distances.
The inevitable conclusion is that the fractal distribution pattern renders the acquisition of exact and detailed knowledge of the total continental population simply impossible, and an up-to-date assessment of the European eel fisheries unachievable.
Implications for management
The fractal distribution pattern also has consequences for management and control of eel fisheries. The stock of the European eel is in a deplorable state and the decline in recruitment is a general trend over the entire continent, but management action can only be taken within the scattered continental water bodies. Noting the small size and high number of continental units, the effective implementation and control of centralized management action may be questioned in advance.
In this respect, the eel is in a lonely position. Fisheries on other species operate in international waters where centralized management regulation may effectively steer the human impact on the stock, or operate in very small units (for example fresh water fisheries), where only local management or even no management at all is required. In practice, eel stock and fisheries were in this latter position until the current recruitment decline began in the 1980s. The decline in recruitment then showed that conservation of the eel stock needs both international and national action. The life cycle of salmon and trout at first sight mirrors the life cycle of the eel. The reproduction of anadromous species in scattered small streams, however, splits the overall population into geographically disjunct stocks. Local management measures will primarily affect the local stock of salmonids, providing managers with feedback from their action. For eel, local management contributes to overall management of the stock, but only the combined effort of many local managers yields a positive feedback. It is therefore concluded that the widespread decline in eel recruitment, in conjunction with the small scale of the continental stock and fisheries, constitutes an unprecedented management problem, due to the fractal geometry of the European eel stock.
